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(57) Abstract: The present invention generally relates to a system and method for using a gas in a well. In one aspect, the system 
for utilizing a gas in a well includes a source of fluid and at least one multiphase pump (105) for transporting the fluid. The system 
further includes a separator (205, 505) for separating the gas from the fluid and an injection means (240, 440, 520) for injecting the 
gas into the well. The gas may be used for kicking off a shut-in well by the simultaneous injection of the gas into the shut-in well 
and the reduction of the wellhead pressure. The gas may also be used for maintaining production of the well, cleaning out the well 
or lightening the wellbore fluid in a deep water well. In another aspect, the invention provides a portable multiphase pump system 
(100). In yet another aspect, the invention provides a method for recycling gas from a wellbore fluid. 
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COMBINATION WELL KICK OFF AND GAS LIFT BOOSTER UNIT 

The present invention generally relates to a system and a method to kick off or maintain 
a well. More particularly, the invention relates to the use of pressurized gas to increase 
5 productivity of a well. More particularly still, the invention relates to stimulating and 
maintaining a well using gas from wellbore fluid or adjacent pipeline. 

Oil and gas wells include a wellbore formed in the earth to access hydrocarbon bearing 
formations. Typically, a borehole is initially formed and thereafter the borehole is lined 

10 with steel pipe, or casing in order to prevent cave in and facilitate the isolation of 
portions of the wellbore. To complete the well, at least one area of the wellbore casing 
is perforated to form a fluid path for the hydrocarbons. Fluids can be produced from oil 
and gas wells by utilizing internal pressure within a producing zone to lift the fluid 
through the wellbore to the surface of the earth. As a formation matures and some 

15 significant percentage of the product is recovered, a reduction of formation pressure 
occurs. With this reduction in formation pressure, the wellbore fluid eventually no 
longer flows without some form of artificial assistance, despite the presence of product 
in the formations. Artificial assistance may be accomplished in many different ways. 
However, one common form of artificial assistance is the use of a gas such as nitrogen 

20 to lighten the wellbore fluid to allow the wellbore fluid to flow out of the wellbore. The 
following are several examples illustrating how artificial assistance may be used to 
stimulate the wellbore or efficiently perform a downhole operation. 

In one example, artificial assistance is used to stimulate a shut-in well. Typically, a 
25 wellbore becomes shut-in as the internal formation pressure becomes insufficient to 
urge fluid to the surface of the well allowing back pressure from a hydrostatic head of 
fluid in the wellbore to stop the well from producing. This is known in the industry as 
'Trilling" or "shutting-in" the well. Thereafter, some form of artificial means is needed 
to stimulate the shut-in well and restart production. One common method is the use of 
30 nitrogen to stimulate or 'Trick off' the well. Typically, nitrogen arrives at the well site 
in a liquid state along with injection equipment. Nitrogen injection equipment typically 
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includes a pump system, reservoir of liquid nitrogen and a coiled tubing unit to inject 
the nitrogen into the well. During the injection process, excess heat from an engine 
driver expands the liquid nitrogen into nitrogen gas. The gas is injected under pressure 
through the coiled tubing and enters the hydrostatic fluid column in the wellbore. As 
5 the lighter gas enters the well stream, the hydrostatic fluid pressure decreases, allowing 
the remaining reservoir pressure within a producing zone to lift the fluid through the 
wellbore, thereby restarting production of the well. 

In another example, artificial assistance may be used to clean out a well. Generally, the 

10 well incurs damage during drilling and completion operation called skin damage or the 
reservoir may be of the type that requires fracturing to achieve full commercialisation. 
Typically, some form of hydraulic fracturing treatment is used to achieve commercial 
« success. For example, in an "acid frac", hydrochloric acid treatment is used in a 
carbonate formation to etch open faces of induced fractures. When the treatment is 

15 complete, the fracture closes and the etched surfaces provide a high conductivity path 
from the reservoir to the wellbore. In some situations, small sized particles are mixed 
with fracturing fluid to hold fractures open after the hydraulic fracturing treatment. This 
is known in the industry as c< prop and frac". In addition to the naturally occurring sand 
grains, man-made or specially engineered proppants, such as resin coated sand or high 

20 strength ceramic material, may also be used to form the fracturing mixture used to "prop 
and frac". Proppant materials are carefully sorted for size and sphericity to provide an 
effective means to prop open the fractures, thereby allowing fluid from the reservoir to 
enter the wellbore. However, both the "acid frac" and "prop and frac" create wellbore 
material such as fines that may further damage the wellbore by restricting the flow of 

25 the reservoir fluid into the wellbore. Typically, a cleaning method using nitrogen gas is 
employed to clean out the sand and fines from the wellbore. 

In another example, artificial assistance may be employed to lighten the drilling fluid in 
a deep water drilling operation. Typically, a deep water drilling operation requires the 
30 pressure created by the downhole mud be maintained at a slightly greater pressure than 
the reservoir pressure. The slight difference between the pressure created by the mud 
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weight and the reservoir pressure is known in the industry as a "trip margin". For 
example, if the pressure created by the mud weight is much greater than the reservoir 
pressure, the formation fluid is forced back into the reservoir, causing the reservoir to 
clog and not produce efficiently. On the contrary, if the pressure created by the mud 
5 weight is much less than the reservoir pressure, the formation fluid will force all the 
mud out, damaging the wellbore. In order to maintain the proper trip margin, a gas may 
be injected into the wellbore to regulate the mud weight. Additionally, the reduction in 
drilling fluid pressure may allow casing points to be removed, thereby reducing the cost 
of drilling in deep water. 

0 

Stimulating a well or increasing the efficiency of a downhole operation using 
pressurized gas, such as nitrogen, has several drawbacks. For example, the injection 
equipment must be transported to the platform or the well site. Due to space limitations, 
especially offshore, the extra equipment is a burden. Additionally, nitrogen injected at a 

5 lower end of a wellbore does not change the surface pressure of the well. Eventually 
this surface pressure may cause the well to load back up with fluid and kill the well 
again. Also, nitrogen equipment includes a standard group of components and they are 
typically not designed for a specific well. This means that all the equipment must 
necessarily be transported to a well even though the well requires a reduced amount of 

0 pressure of gas. 

The use of pressurized gas is also useful on wells with reduced flow rates. An older 
producing well with a reduced flow rate may need some type of pressure boost in order 
for its production fluid or gas production to enter a flow line with fluid from other 

5 higher pressure wells. Internal pressure within a producing zone in these wells may 
dimini sh over time and become insufficient to urge the fluid up the wellbore. 
Therefore, a gas lift injection system is used in conjunction with the internal pressure to 
urge the fluid up a wellbore. Gas lift systems require an outside gas source, a flow line, 
and a downhole assembly containing a string of gas lift valves with different operating 

0 pressures, and a compressor. The outside gas source may be natural gas brought to the 
low pressure well from other wells. The gas is compressed and injected downhole, 



WO 03/033865 



PCT/GB02/04648 



4 

creating pressure in the annulus between the casing and the downhole tubing. The gas 
is forced through the gas lift valves into the tubing string, starting with the gas valve 
located at the highest point in contact with the hydrostatic fluid column in the tubing. 
As the gas enters the liquid column it carries fluid up and out of the tubing. As the 
5 hydrostatic fluid column falls below the first gas valve, the second highest valve opens, 
injecting gas while the higher valve closes. The sequence continues until each valve 
opens and closes down to the lowest valve on the string, which then remains open to 
continue to urge fluid up the tubing string. 

10 Maintaining a well using gas lift techniques has several deficiencies. For example, if 
adequate pressure is not available from a local gas source, gas must be pressurized 
offsite and returned to the well for stimulation. An additional flow line must be added 
or, to avoid friction loss in a line, a compressor must be installed to compress the gas 
from the nearby wells. Many offshore platforms do not have the space available to 

15 integrate a local separation system along with a gas lift compressor on site. Also, a 
source well must always be available to provide natural gas for a struggling well. 
Depending on the location this may be a problem for wells that are separated by long 
distances or if the source well flow when combined with the flow from the stimulated 
well will have an adverse affect. 

20 

In view of the deficiencies of the current nitrogen stimulation and/or gas lift methods 
for stimulating and maintaining production from a well, a need exists for a fluid system 
that does not require additional onsite equipment. There is a further need for a fluid 
system that does not exclusively rely on an outside gas source for maintaining adequate 
25 gas pressure. 

The present invention generally relates to a system and method for using a gas in a well. 
In one aspect of the present invention there is provided a system for ut ilizi ng a gas in a 
well includes a source of fluid and at least one multiphase pump for transporting the 
30 fluid. The system further includes a separator for separating the gas from the fluid and 
an injection means for injecting the gas into the well. The gas may be used for kicking 
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off a shut-in well by the simultaneous injection of the gas into the shut-in well and the 
reduction of the wellhead pressure. The gas may also be used for maintaining 
production of the well, cleaning out the well or lightening the wellbore fluid in a deep 
water well. Further aspects and preferred features are set out in claim 2 et seq. 

In another aspect, the invention provides a portable multiphase pump system. The 
pump system includes a support member and a multiphase pump disposed on the 
support member. The pump system further includes a pressure compensated pump 
disposed on the support member, the pressure compensated pump supplies hydraulic 
fluid to the multiphase pump. The pump system also includes a power unit disposed on 
the support member, the power unit provides energy to the pressure compensated pump. 

In yet another aspect, the invention provides a method for recycling gas from a wellbore 
fluid. The method includes the steps of communicating the wellbore fluid to a separator 
and separating a wet gas from the wellbore fluid The method further includes the steps 
of delivering a portion of the wet gas to at least one multiphase pump and pumping the 
wet gas to a well. 

Thus, at least in preferred embodiments, the invention provides a fluid system that 
stimulates by pushing gas into the well to lighten the hydrostatic fluid so the well can 
flow while simultaneously lowering the wellhead pressure of the stimulated well by 
pulling up on it by a multiphase pump. 

Some preferred embodiments of the invention will now be described by way of example 
only and with reference to the accompanying drawings, in which: 

Figure 1 illustrates an exemplary multiphase pump system; 

Figure 2 is a schematic view of a combination well kick off and gas lift booster fluid 
circuit; 
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Figure 3 is a schematic view of a fluid circuit with an alternative source for kicking off 
a shut-in well; 

Figure 4 is a schematic view of a fluid circuit for maintaining well production; 

5 

Figure 5 is a schematic view of a fluid handling circuit for cleaning out a well after the 
completion of a prop and frac job; and 

Figure 6 is a schematic view of a fluid handling circuit for assisting a deep water 
10 drilling operation. 

Figure 1 illustrates an exemplary multiphase pump system 100. In one embodiment, the 
multiphase pump system 100 may be connected to an outlet on a wellhead. The 
multiphase pump system 100 includes a multiphase pump 105, a pressure compensated 

15 pump 140 and a power unit 110 mounted on a support member 155. The support 
member 155 permits the pump system 100 to be moved as one unit. Additionally, the 
multiphase pump 105 is designed to handle fluids containing one or more phases, 
including solids, water, gas, oil, and combinations thereof. The multiphase pump 105 
has two pairs of driving cylinders 145, 146 placed in line with the respective vertically 

20 disposed plungers 120, 130. Although the pairs of cylinders 145, 146 are disclosed, it is 
contemplated that the aspects of the present invention may be used with one cylinder or 
any number of cylinders. 

The pressure compensated pump 140 supplies hydraulic fluid to the cylinders 145, 146 
25 to control the movement of the plungers 120, 130. The power unit 1 10 provides energy 
to the pressure compensated pump 140 to drive the plungers 120, 130. Additionally, the 
plungers 120, 130 are designed to move in alternating cycles. As the plunger 120 is 
driven towards its retracted position, a limit switch is triggered towards the end of the 
plunger's 120 movement. This limit switch causes a shuttle valve (not shown) to shift. 
30 In turn, a swash plate (not shown) of the compensated pump 140 is caused to reverse 
angle, thereby redirecting the hydraulic fluid to. the cylinders 146. As a result, the 
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plunger 130 is pushed downward to its retracted position. The plunger 130 triggers a 
limit switch towards the end of its movement, thereby causing the pump 140 to redirect 
the hydraulic fluid to the cylinders 145. In this manner, plungers 120, 130 are caused to 
move in alternating cycles. 

Generally, suction is created as the plunger 120 moves toward an extended position. 
The suction causes fluid to enter the multiphase pump 105 through a process inlet 125 
and fill a first cavity (not shown). At the same time, the plunger 130 moves in an 
opposite direction toward a retracted position. This causes the plunger 130 to expel 
fluid to an outlet 135. The plungers 120, 130 move in the opposite directions causing 
continuous flow of fluid from the Met 125 to the discharge 135. In this respect, the 
plungers 120, 130 operate as a pair of substantially counter-synchronous fluid pumps. 

Figure 2 is a schematic view of a combination well kick off and gas lift booster fluid 
circuit 200. For ease of explanation the invention will first be described generally with 
respect to Figure 2, thereafter more specifically with figures 3 to 6. The fluid circuit 
200 connects a wellbore outlet 210 to a wellbore inlet 240. The fluid circuit 200 
includes the multiphase pump 105 that is connected to the outlet 210 to draw down the 
wellhead pressure and obtain wellbore fluid. After pressurizing the wellbore fluid in the 
multiphase pump 105, the wellbore fluid is pumped into a two-phase separator 205 to 
extract the gas from the fluid. The fluid portion of the wellbore fluid is sent directly 
into the pipeline through line 230 while the pressurized gas extracted from the wellbore 
fluid flows through a gas outlet 320 into a metering device 220. The metering device 
220 selectively controls the amount of pressurized gas flow to the inlet 240 while excess 
gas is directed to a gas pipeline through line 235 or recombined with the pipeline fluid. 
As the gas enters the well 215, the gas is typically pumped through coil tubing (not 
shown) in a tubing string 330 to lighten the hydrostatic fluid column in the well 215 to 
stimulate or maintain production. 

Figure 3 is a schematic view of a fluid circuit 300 with an alternative source 305 for 
kicking off a shut-in well 315. In a typical shut-in well 315, the hydrostatic fluid 
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column pressure in the tubing string 330 is greater than the internal pressure of a 
formation 345 therefore no movement of fluid through the wellbore outlet 320. In order 
to kick off or stimulate the well 315 back into production, the hydrostatic fluid column 
pressure must be reduced by injecting gas into the well 315 and utilizing the pump 105. 
5 As discussed, there is no movement of fluid from the shut-in well 315 into line 335, 
therefore gas enters the circuit 300 from the alternative source 305. As illustrated on 
Figure 3, the alternative source 305 consists of non-separated wellbore fluid from a 
local producing well. However, other forms of alternative sources may be employed, 
such as gas from a reservoir, so long as they are capable of supplying a sufficient 
10 amount of gas. 

The fluid circuit 300 connects the wellbore outlet 320 to a wellbore inlet 355. The fluid 
circuit includes a valve 310 to control the amount of the alternative source 305 entering 
line 335. The alternative source 305 flows through line 335 into the multiphase pump 

15 105. Thereafter, the source 305 is pressurized and pumped into the two-phase separator 
205. The extracted fluids are pushed from the separator 205 to the line 230 using the 
separator pressure. The extracted pressurized gas is diverted out the gas outlet 320, 
where the flow is metered by the metering device 220 and directed back toward the well 
315. The pressurized gas is forced through a gas lift injection system 325 to reduce the 

20 hydrostatic fluid column pressure in the tubing string 330. 

The gas lift injection system 325 typically includes a plurality of gas valves 340 to 
distribute the gas in the tubing string 330. Generally, the gas flows through the gas 
valve 340 located at the highest point in contact with the hydrostatic fluid column in the 

25 tubing string 330. As the gas enters the liquid column it expands, forcing fluid up and 
out of the tubing string 330. After the hydrostatic fluid column falls below the highest 
gas valve 340, then the next highest valve 340 opens injecting gas while the highest 
valve 340 closes. The sequence continues until each valve 340 opens and closes down 
to the lowest valve 340 on the string, which remains open to continue to urge fluid up 

30 the tubing string 330. Alternatively, if the well 315 does not have a gas lift injection 
system 325, coiled tubing (not shown) may be inserted into the tubing string 330 to 
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transport pressurized gas into the tubing string 330 to stimulate the well 315. In either 
case, after the well 315 is stimulated, the well 315 should be maintained to extend the 
response of the well stimulation. 

5 In another aspect of this invention, the simultaneous injection of gas into the well 315 
and the reduction of wellhead pressure by the multiphase pump 105 results in a push- 
pull effect. In other words, the gas volume required by the gaS lift assembly 325 is 
reduced because the wellhead pressure is reduced by the multiphase pump 105. 
Therefore, the well 315 may be kicked off or stimulated in an effective maimer. 

10 

Figure 4 is a schematic view of a fluid circuit 400 for maintaining well 405 production. 
The fluid circuit 400 connects a wellbore outlet 420 to a wellbore inlet 440 as natural 
gas from a wellbore fluid is used to maintain the gas lift assembly 325. As shown, the 
pump 105 draws wellbore fluid from the wellbore outlet 420 to pressurize wellbore 

15 fluid and subsequently pump into the two-stage separator 205. Thereafter, the fluid 
portion is pushed from the separator 205 into the line 230 using the pressure created in 
the separator 205 while the extracted pressurized gas exits out the gas outlet 320. 
Thereafter, the gas enters the metering device 220 where a portion of the gas is returned 
to the well 405 for operation of the gas lift assembly 325. The remaining portion of gas 

20 is directed though line 410 into a gas line. Alternatively, tiie remaining portion of gas 
may be recombined with the fluid exiting out of the separator 205 or directed to other 
wells requiring gas for artificial assistance. In either case, the gas entering the well 405 
is forced through the gas lift injection system 325 into the tubing string 330, thereby 
maintaining production. In this respect, no additional gas lines are required to maintain 

25 the production of the well 405 since the initial gas injected into the gas injection system 
325 is reused. 

As shown on Figure 4, the circuit 400 may optionally include a gas source 410 for 
providing gas for the gas injection system 325 at any desired time during operation, 
30 such as in the beginning of the operation, intermittently during operation, or 
continuously during operation. The amount of gas from the source 410 is controlled by 
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a valve 415, thereby allowing the operator to modulate between a dual well flow and 
pressure regulation. The gas source 410 may come from a variety of sources such as 
wellbore fluid from a local well or a gas reservoir. The gas source 410 combines with 
the wellbore fluid of the well 405 in line 335 and thereafter enters the pump 105 
5 through the process described above. 

In another aspect of this invention, the multiphase pump 105 pulls the wellbore fluid 
from the well 405 resulting in a reduction of wellhead pressure. In this manner, the gas 
volume required by the gas lift assembly 325 is reduced and production is maximized. 
10 Therefore, the well 405 is less likely to build up with a hydrostatic fluid column. 

Figure 5 shows a fluid handling circuit 500 for cleaning out a well 510 after the 
completion of a prop and frac job. Typically, the prop and frac job deposits a large 
amount of sand or pellets downhole to prop open a formation 540. Thereafter, the well 
15 510 is cleaned out by injecting gas or a mixture of gas and fluid to remove the excess 
sand or pellets from the formation 540 allowing wellbore fluid to exit the formation 
540. 

The circuit 500 connects a wellbore outlet 515 to a wellbore inlet 520. An optional 
20 fluid feed line 525 is connected to the well inlet 520 for supplying the liquid portion of 
the cleaning fluid. The wellbore inlet 520 may also optionally include a gas supply 530 
for providing gas used to lighten the cleaning fluid at any desired time during operation, 
such as in the beginning of the operation, intermittently during operation, or 
continuously during operation. 

25 

Wellbore fluid returning from the wellbore annulus 535 exits the wellbore outlet 515 
and is directed to a primary separator 505. The primary separator 505 may consist of a 
pressure vessel separator or a four-phase separator. Four phase separators are known in 
the art. An exemplary separator suitable for use with the present invention is disclosed 
30 in U.S. Patent No. 5,857,522 issued to Bradfield, et al. 9 which patent is herein 
incorporated by reference in its entirety. The wellbore fluid is processed in the 
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separator 505 to produce separate streams of solid, oil, liquid, and gas. Although a four- 
phase separator is disclosed herein, other types of separators known to a person of 
ordinary skill in the art are equally applicable. 

5 Generally, the wellbore fluid entering into the separator 505 passes to a first stage of the 
separator 505. Solids (sludge), such as drilled cuttings, present in the wellbore fluid are 
removed in the first stage by gravity forces that are aided by centrifugal action of a 
device (not shown) disposed in the separator 505. Because solids are heavier than the 
remaining fluids, the solids collect at the bottom of the separator 505 and are removed 

10 therefrom through line 585. The remaining wellbore fluid is substantially free of solids 
when it passes to a second stage. 

The second stage essentially acts as a three-phase separator to separate into different 
streams gas, oil, and liquid present in the wellbore fluid. The separated gas stream 
15 varies in composition but usually includes the gas in the cleaning fluid and small 
amounts of entrained fine solids and liquids. Due to its composition, the gas -stream is 
sometimes referred to as wet gas. 

According to aspects of the present invention, the wet gas may be recycled and re-used 
20 in the cleaning operation. As shown in Figure 5, the wet gas is discharged from the 
separator 505 through wet gas line 560 which is connected to the well inlet 520. 
Typically, the wet gas leaving the separator 505 is low in pressure. Therefore, it would 
be desirable to increase the pressure of the wet gas. However, as discussed above, the 
wet gas may include three different phases, namely, solid, liquid, and gas as shown in 
25 the embodiment. Therefore, a multiphase pump 105 may be connected to the wet gas 
line 560 to boost the pressure of the wet gas. The multiphase pump 105 is designed to 
handle fluids containing one or more phases, including solids, water, gas, oil, and 
combinations thereof. 

30 Even though the wet gas contains three phases, the multiphase pump 105 may 
effectively increase the pressure of the wet gas in the wet gas line 560 and recycle the 
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wet gas back to the well inlet 520. In this respect, the fluid handling circuit 500 
according to aspects of the present invention may significantly reduce the requirements 
of separation equipment for recycling the wet gas. Moreover, the multiphase pump 105 
will allow recovery or recycling of low pressure gas. In this manner, valuable wellbore 
5 fluid gas such as nitrogen and natural gas may be recycled and/or recaptured. 

The fluid handling circuit 500 may include a flare line 565 connected to the wet gas line 
560. The flare line 565 may be used to discharge excess wet gas in the wet gas line 560. 
The flare line 565 may direct the excess wet gas to a flare stack or a collecting unit for 
1 0 other manners of disposal. 

The oil contained in the wellbore fluid is separated at the second stage. The separated 
oil collects in a tank (not shown) placed in the second stage of the separator 505. When 
the oil reaches a predetermined level in the tank, the oil is removed from the separator 
1 5 505 through line 580. Typically, the oil is disposed in an oil tank for recovery. 

Finally, liquid that is substantially free of oil collects in a chamber or reservoir (not 
shown). Typically, the liquid consists substantially of water. When the liquid reaches a 
predetermined level, it is discharged to a fluid supply 550 through line 575. In this 

20 manner, the liquid may be recycled for use during the cleaning operation. The circuit 
500 may optionally include a secondary separator (not shown) to separate out any gas 
remaining in the liquid before delivering it to the fluid supply 550. The separated gas 
may either be flared or delivered to the wet gas line 560 through a line (not shown) 
connecting line 575 to line 560. From the fluid supply 550, the liquid may be delivered 

25 to the well inlet 520 by a pump 555 . 



In another embodiment, an export line 570 may be connected to the wet gas line 560. 
When natural gas is used as the lightening gas or the cleaning occurs in a producing 
formation, the wet gas leaving the separator 505 will contain valuable natural gas. The 
30 multiphase pump 1 05 may be used to increase the wet gas pressure to that of the export 
line 570. Thereafter, the wet gas may be captured and realized by directing the gas 
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stream to the export line 570. As a result, the well 510 may start producing for an 
operator even before the cleaning of the well 510 is completed. 

In another embodiment, a wet screw compressor 590 may be connected to the wet gas 
5 line 560. The wet screw compressor 590 is an apparatus for pumping large volumes of 
wet gas -from a low pressure to a medium pressure. In this respect, the wet screw 
compressor 590 may economically pump the wet gas into the export line 570 during the 
cleaning operation. In addition, the wet screw compressor 590 may pump the wet gas to 
the multiphase pump 105 at a higher pressure, thereby allowing the multiphase pump 
10 1 05 to move a larger volume of wet gas to the well inlet 520. 

In operation, the wellbore fluid exiting the well outlet 515 enters the separator 505 for 
separation as shown in Figure 5. The wellbore fluid is processed in the separator 505 to 
produce separate streams of solids, liquids, oil, and gas. The solids are removed from 

15 the separator 505 through line 585. The oil is removed from the separator 505 through 
line 580. The liquid is removed from the separator 505 through line 575 and delivered 
to the fluid supply 550 for recycling. The gas is removed from the separator 505 
through line 560. From there, the wet gas enters the multiphase pump 105 where its 
pressure is increased to facilitate transport through the circuit 500. Even though the wet 

20 gas contains more than one phase, the multiphase pump 105 may effectively increase 
the pressure of the wet gas. The wet gas leaving the multiphase pump 105 is directed to 
the well inlet 520 through line 560 and re-used. Alternatively, if the wet gas contains 
hydrocarbons, the export line 570 may be opened to deliver the hydrocarbons for sale or 
other use. If excess wet gas exists, the flare line 565 may be opened to direct wet gas to 

25 a flare stack for disposal. In this manner, the wet gas in the wellbore fluid may be 
recycled, collected, or otherwise disposed. 

As shown in Figure 5, the circuit 500 may optionally include a second gas supply 532 
connected to the separator 505. The second gas supply 532 may be used as an 
30 additional source of gas such as nitrogen. Additionally, the second gas supply 532 may 
assist with transient fluid flow management -common with cleaning operations. 
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Figure 6 shows a fluid handling circuit 600 for assisting a deep water drilling operation. 
Typically, a deep water drilling operation includes a floating vessel 610 and a riser 
system 615. During the drilling operation, drilling fluid is pumped through a drill string 

5 620. Thereafter, wellbore fluid, a mixture of drilling fluid and formation fluid, exits up 
the annulus 535. The wellbore fluid enters the fluid handling circuit 600 through a 
wellbore outlet 640. The circuit 600 connects the wellbore outlet 640 to a wellbore inlet 
645. The wellbore inlet 645 is connected to a gas distribution line 625. The gas 
distribution line 625 communicates gas into the annulus 535 to lighten the wellbore 

10 fluid, thereby encouraging the wellbore fluid to flow out of the annulus 535. The 
wellbore inlet 645 may optionally include a gas supply 530 for providing gas used to 
lighten the wellbore fluid at any desired time during operation, such as in the beginning 
of the operation, intermittently during operation, or continuously during operation. 

15 Wellbore fluid from the wellbore annulus 535 exits the wellbore outlet 640 and is 
directed to the primary separator 505. The primary separator 505 may consist of a 
pressure vessel separator or a four-phase separator. Generally, the wellbore fluid 
entering into the separator 505 passes to a first stage where the solids are removed. The 
remaining wellbore fluid is substantially free of solids when it passes to a second stage. 

20 The second stage essentially acts as a three-phase separator to separate gas, oil, and 
liquid present in the wellbore fluid into different streams. The separated gas stream is 
referred to as wet gas. 

According to aspects of the present invention, the wet gas may be recycled and re-used 
25 to enhance the deep water drilling operation. As shown in Figure 6, the wet gas is 
discharged from the separator 505 through wet gas line 560, which is connected to the 
well inlet 645. Typically, the wet gas leaving the separator 505 is low in pressure. 
Therefore, it would be desirable to increase the pressure of the wet gas through the 
multiphase pump 105. Even though the wet gas contains three phases, the multiphase 
30 pump 105 may effectively increase the pressure of the wet gas in the wet gas line 560 
and recycle the wet gas back to the well inlet 645. In this respect, the fluid handling 
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circuit 600 according to aspects of the present invention may significantly reduce the 
requirements of separation equipment for recycling the wet gas. Moreover, the 
multiphase pump 105 will allow recovery or recycling of low pressure gas. In ibis 
manner, valuable wellbore fluid gas such as nitrogen and natural gas may be recycled 
5 and/or recaptured. 

The fluid handling circuit 600 may include a flare line 565 connected to the wet gas line 
560. The flare line 565 may be used to discharge excess wet gas in the wet gas line 560. 
The flare line 565 may direct the excess wet gas to a flare stack or a collecting unit for 
1 0 other manners of disposal. 

The oil contained in the wellbore fluid is separated at the second stage. The separated 
oil collects in a tank (not shown) placed in the second stage of the separator 505. When 
the oil reaches a predetermined level in the tank, the oil is removed from the separator 

15 505 through line 580. Typically, the oil is disposed in an oil tank for recovery. 
Additionally, liquid that is substantially free of oil collects in a chamber or reservoir 
(not shown). Typically, the liquid consists substantially of water. When the liquid 
reaches a predetermined level, it is discharged to the fluid -supply 550 through line 575. 
In this manner, the liquid may be recycled for use during the drilling operation. Hie 

20 circuit 600 may optionally include a secondary separator (not shown) to separate out 
any gas remaining in the liquid before delivering it to the fluid supply 550. The 
separated gas may either be flared or delivered to the wet gas line 560 through a line 
(not shown) connecting line 575 to line 560. From the fluid supply 550, the liquid may 
be delivered to the well inlet 645 by the pump 555. 

25 

In another embodiment, a wet -screw compressor 655 may be connected to the wet gas 
line 560. The wet screw compressor 655 is an apparatus for pumping large volumes of 
wet gas from a low pressure to a medium pressure. In this respect, the wet screw 
compressor 655 may pump the wet gas to the multiphase pump 105 at a higher pressure, 
30 thereby allowing the multiphase pump 105 to move a larger volume of wet gas to the 
well inlet 645. 
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In operation, the wellbore fluid exiting the well outlet 640 enters the separator 505 for 
separation as shown in Figure 6. The wellbore fluid is processed in the separator 505 to 
produce separate streams of solids, liquids, oil, and gas. The solids are removed from 
5 the separator 505 through line 585. The oil is removed from the separator 505 through 
line 580. The gas is removed from the. separator 505 through line 560. From there, the 
wet gas enters the multiphase pump 105 where its pressure is increased to facilitate 
transport through the circuit 600. Even though the wet gas contains more than one 
phase, the multiphase pump 105 may effectively increase the pressure of the wet gas. 

10 The wet gas leaving the multiphase pump 105 is directed to the well inlet 645 through 
line 560 and thereafter communicated through the line 625 into the annulus 535 to 
lighten the wellbore fluid, thereby encouraging the wellbore fluid to flow out of the 
annulus 535. If excess wet gas exists, the flare line 565 may be opened to direct wet gas 
to a flare stack for disposal. In this manner, the wet gas in the wellbore fluid may be 

15 recycled, collected, or otherwise disposed. 

As shown in Figure 6, the circuit 600 may optionally include a second gas supply 532 
connected to the separator 505. The second gas supply 532 may be used as an 
additional source of gas such as nitrogen. Additionally, the second gas supply 532 may 
20 assist with transient fluid flow management common with underbalanced drilling 
operations. 

While the foregoing is directed to embodiments of the present invention, other and 
further embodiments of the invention may be devised without departing from the basic 
25 scope thereof, and the scope thereof is determined by the claims that follow. 
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CLAIMS: 

1 . A system for utilizing a gas in a well, comprising: 
a source of fluid; 

5 at least one multiphase pump for transporting the fluid; 

a separator for separating phases in the fluid; and 
an injector for injecting the gas into the well. 

2. A system as claimed in claim 1, wherein the at least one multiphase pump is a 
1 0 wet screw compressor. 

3. A system as claimed in claim 1, wherein the at least one multiphase pump is a 
ram pump. 

15 4. A system as claimed in claim 3, wherein the ram pump consists of a pair of 
plungers, each plunger movable between an extended position and a retracted position. 

5. A system as claimed in claim 4, wherein the plungers are moved by a fluid 
operated cylinder. 

20 

6. A system as claimed in any preceding claim, further including a wet screw 
compressor to increase the volume of fluid to the at least one multiphase pump. 

7. A system as claimed in claim 6, wherein the wet screw compressor is arranged 
25 to pump a wet gas to an export line. 

8. A system as claimed in any preceding claim, wherein the well is a -shut-in well 
and the gas is used to kick off the shut-in well. 

30 9. A system as claimed in claim S, arranged so that a first portion of the £as is 
injected into the shut-in well and a second portion of the gas is sent to an export line. 
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10. A system as claimed in claim 8 or 9, wherein the source of fluid is an alternative 
source in selective communication with the at least one multiphase pump. 

5 11. A system as claimed in claim 10, wherein the alternative source consists of 
wellbore fluid from at least one wellhead. 

12. A system as claimed in claim 10, wherein the alternative source consists of gas 
from a gas reservoir. 

10 

13. A system as claimed in claim 10, 11 or 12, wherein the alternative source 
provides fluid to the at least one multiphase pump, whereby the fluid is pressurized and 
pumped to the separator. 

14. A system as claimed in any of claims 8 to 13, wherein the at least one 
multiphase pump is in communication with the shut-in well to reduce a wellhead 
pressure in the shut-in well. 

15. A system as claimed in claim 14, wherein the gas injected into the shut-in well 
and the simultaneous reduction of the wellhead pressure by the multiphase pump 
stimulate the shut-in well. 

16. A system as claimed in any of claims 1 to 7, wherein the injector includes a gas 
lift assembly and the gas is used to increase production from the well. 

25 

17. A system as claimed in claim 16, wherein the fluid is communicated to the at 
least one multiphase pump and thereby pressurized and pumped to the separator. 

18. A system as claimed in claim 16 or 17, wherein the gas is injected into the gas 
30 lift assembly to increase production of the well. 



15 



20 
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19. A system as claimed in any preceding claim, wherein the separator removes 
solids and liquids from the fluid 

20. A system as claimed in any of claims 1 to 7, wherein the well contains deposits 
5 of sand and the gas is used to clean out the well. 

21 . A system as claimed in claim 20, wherein the gas is a wet gas. 

22. A system as claimed in claim 21, wherein the wet gas is selected from the group 
1 0 consisting of nitrogen, hydrocarbon, and combinations thereof 

23. A system as claimed in claim 21 or 22, wherein a first portion of the wet gas is 
communicated to the at least one multiphase pump to be pressurized and a second 
portion of the wet gas is communicated to an export line. 

15 

24. A system as claimed in claim 21, 22 or 23, wherein the wet gas is pumped into 
the well to remove the sand from the well. 

25. A system as claimed in any of claims 1 to 7, wherein the well comprises a riser 
20 system, whereby the gas is used to lighten the fluid in the riser system. 

26. A system as claimed in claim 25, wherein the gas is a wet gas. 

27. A system as claimed in claim 26, wherein the wet gas is communicated to the at 
25 least one multiphase pump to be pressurized and pumped through a gas distribution line 

to lighten the fluid flowing up the riser system. 

28. A system as claimed in any of claims 20 to 27, wherein the fluid is 
communicated to the separator. 

30 
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29. A system as claimed in any preceding claim, wherein the source of fluid 
comprises the well. 

30. A system as claimed in any of claims 1 to 28, wherein the source of fluid 
5 comprises a gas line. 

31. A portable multiphase pump system, comprising: 
a support member; 

a multiphase pump operatively connected to the support member; and 
10 a power unit operatively connected to the multiphase pump, the power unit 

provides energy to Ihe multiphase pump. 

32. A pump system as claimed in claim 31, further comprising a pressure 
compensated pump. 

15 

33. A pump system as claimed in claim 32, wherein the pressure compensated pump 
is operatively connected to the multiphase pump and supplies fluid to the multiphase 
pump. 

20 34. A pump system as claimed in claim 31, 32 or 33, wherein the multiphase pump 
is a ram pump. 

35. A pump system as claimed in claim 34, wherein the ram pump consists of a pair 
of plungers, each plunger movable between an extended position and a retracted 
25 position. 



36. A pump system as claimed in claim 35, wherein the plungers are moved by a 
fluid operated cylinder. 
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37. A pump system as claimed in any of claims 31 to 36, further including a wet 
screw compressor operatively connected to the multiphase pump to increase the volume 
of fluid to the multiphase pump. 

5 38. A method for recycling gas from a wellbore fluid, comprising: 
communicating the wellbore fluid to a separator; 
separating a gas from the wellbore fluid; 

delivering a portion of the gas to at least one multiphase pump; and 
pumping the gas to a well. 

10 

39. A method as claimed in claim 38, further including the step of recycling the gas. 

40. A method as claimed in claim 38 or 39, wherein the gas comprises one or more 
phases. 

15 

41. A method as claimed in claim 38, 39 or 40, further including the step of 
delivering the gas to an export line. 

42. A method as claimed in any of claims 38 to 41, wherein the at least one 
20 multiphase pump is a ram pump. 

43. A method as claimed in claim 42, wherein the ram pump consists of a pair of 
plungers, each plunger movable between an extended position and a retracted position. 

25 44. A method as claimed in claim 43, wherein the plungers are moved by a fluid 
operated cylinder. 

45. A method as claimed in any of claims 38 to 44, further comprising using a wet 
screw compressor to increase the volume of fluid to the at least one multiphase pump. 

30 
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46. A method as claimed in claim 45, wherein the wet screw compressor may pump 
a wet gas to an export line. 

47. A method as claimed in any of claims 38 to 46, further including the step of 
5 stimulating the production of the well. 

48. A method as claimed in any of claims 38 to 46, further including the step of 
operating a gas lift injection system by forcing the wet gas into the gas lift injection 
system. 

10 

49. A method as claimed in any of claims 38 to 46, further including the step of 
cleaning sand out of the well. 

50. A method as claimed in any of claims 38 to 46, further including the step of 
15 drilling a deep water well using a floating vessel, a riser system and a gas distribution 

line. 

51. A method as claimed in claim 50, wherein the wet gas is communicated from 
floating vessel through the gas distribution line into the riser system to lighten the 

20 wellbore fluid flowing up the riser system. 
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